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ABSTRACT (Maximum 200 words)
The Army and Air Force Exchange Service (AAFES) operates and manages Army and Air Force exchange activities worldwide. Since electric utility use for AAFES and other activities is metered for kWh only (not actual kW demand), Directorate of Public Works (DPW) billings use an average consumption charge, which may over-or undercharge users. This study was undertaken to determine the impact if AAFES activities were billed for their actual electric consumption and demand rather than for an average consumption charge. Three AAFES facilities were monitored for electric consumption and demand during July, August, and September 1994.
In all three cases, the average consumption charge gave higher annual totals for electrical usage than charges based on separate consumption and demand. The study recommended that, before AAFES facilities incotporate utility style billing, installation DPWs should: (1) survey facilities to ensure that electrical meters are accurate, and (2) factor in additional costs associated with the change. Then, if the change is found to be warranted, meters capable of recording both kWh consumption and kW demand with automated data collection capabilities should be used to reduce the time required for meter reading and billing preparation. Providing necessary and convenient merchandise and services to authorized patrons at uniformly low prices 2.
Generating reasonable earnings to supplement appropriated funds for the support of Army and Air Force morale, welfare, and recreation (MWR) programs.
These AAFES activities include the operation of Post Exchanges (PXs), Base Exchanges (BXs), and shoppettes {a combination convenience store and commercial vehicle fueling station), among others.
Most military installations are billed for electrical consumption and demand at a single metering point. The Directorate of Public Works (DPW) at the military installation, in turn, bills certain activities-including AAFES and Family
Housing-for their respective electrical usages. On a monthly schedule, the DPW reads electrical consumption (kWh) meters located throughout these activities to bill individual activities for their usages.
Since AAFES and other activities are metered for kWh only and not actual kW demand, DPW billings reflect electrical usage based on: (1) total installation electrical costs and total consumption. This charge builds in the utility and demand charge for the entire installation, which may overcharge some users and undercharge others based on the users' ratio of consumption and demand. Whether a user is over-or undercharged depends on the characteristics of electrical usage (total consumption and peak demand) at the facility, as well as the average consumption charge versus the standard consumption and standard demand charges. This study was undertaken to determine whether there would be a significant impact if AAFES activities were billed for their actual electric consumption rather than for an average consumption. 
Objective
The objective of this study was to determine the impact of billing AAFES activities based on actual electric consumption and demand, as compared to the standard practice of using an average consumption charge.
Approach
Three AAFES facilities, a PX building at Fort Hood, and PX and shoppette buildings at Fort Campbell were metered for the 1994 summer months to determine monthly electric consumption and 15-minute demand components. Two separate billings were generated from the data: (1) a billing based on an average consumption charge and, (2) a billing based on both a consumption charge and a demand charge. The two billings were compared and analyzed to determine the nature and extent of the differences between the two billing practices.
Fort Hood PX
The PX (Building 50004) at Fort Hood is a large commercial building of 128,336 sq ft (1 sq ft= 0.305 m). The major electrical loads consist of two 120-ton chillers, one 125-ton chiller, air-handling equipment, and multiple fluorescent lighting loads (consistent with a large commercial building). Food service facilities such as a Baskin Robbins ice cream shop, a Burger King restaurant, and various other food vendors are also located in this building.
Fort Campbell PX
The PX (no building number) at Fort Campbell is a relatively new facility that has been in continuous operation since May 1993. The building covers 110,177 sq ft. The major electrical loads consist of two 175-ton chillers, air-handling equipment, and multiple fluorescent lighting loads (consistent with a large commercial building). Food service facilities such as a food court and a Burger King restaurant are also located in this building.
Fort Campbell Shoppette
The shoppette (Building 3000) at Fort Campbell is one of three such shoppettes on the installation. This facility is a combination convenience store and commercial vehicle fueling station. The major electrical loads are chillers for air-conditioning and refrigeration equipment for food and beverage storage. Synergistic C-180 data acquisition devices were connected to the main panels at each AAFES test site and configured to record voltage, current, and 15-minute demand information for each of the three phases. From this data, peak kW, total kWh, and power factors could be calculated for each site. Pacific Northwest Laboratories (PNL) was contracted to collect and compile the data from each site, and to forward it to the U.S. Army Construction Engineering Research Laboratories (USACERL) for analysis.
Fort Hood PX Data Collection
Data collection at the Fort Hood PX began 16 June 1994. A Synergistic C-180 data logger was connected to both electrical panels that serve the PX. (The Appendix to this report describes the panels and kWh meter.) The installation meter was a two-circuit totalizing kWh meter of the type needed to accumulate the inputs from two electrical panels. However, researchers noted that the current transformer (CT) ratios in the two panels were different, 1000:5 on the main panel and 800:5 on the panel that served additional chiller loads. This is a significant discrepancy since this type of meter requires both inputs to have the same CT ratio. This problem was noted and brought to the attention of the Fort Hood Energy Office.
Since no phone lines were conveniently available to remotely access the data from the logger, a laptop computer was configured for data retrieval, connected to the C-180, and left on site in the mechanical room. Fort Hood Energy Office personnel were instructed how to download the data to a floppy disk to access the data and to transfer the data to USACERL.
Fort Campbell PX Data Collection
Data collection at the Fort Campbell PX began 06 June 1994. A Synergistic C-180 data logger was connected to the main electrical panel in the mechanical room. Again, locating an accessible, dedicated phone line to remotely access the logger proved unsuccessful. Arrangements were made with a local cellular phone company to initiate a dial-in only service for the site. The antenna for the receiver was positioned outside of a vent in the mechanical room to facilitate reception.
Fort Campbell Shoppette Data Collection
Data collection at the Fort Campbell shoppette also began 06 June 1994. A Synergistic C-180 data logger was connected to an exterior electric panel that serviced the facility. Cellular phone service was also established at this site due to the difficulty in finding an accessible, dedicated phone line for remote access. The data logger was placed inside an adjacent electrical panel to shield it from outside weather conditions.
USACERL TR 95/23 4 AAFES Data Analysis

Data Summary
Tables 1 to 3 summarize the data from the three sites. Note that some data was lost due to transmission or logger errors. The MISS.DAYS column indicates whether zero (data was complete), or 1 (24 hours), 2 (48 hours), etc. day's data were lost. The TOT kWh column lists the number of kilowatt-hours recorded for the indicated month. Below this number and denoted with an asterisk[*] is the estimated TOT kWh ifthere was missing data. This estimate is based on an average kWh/day obtained from the data, which was then multiplied by the number of days missing to supplement the recorded total. The MIN kW is the minimum 15-minute demand recorded for the month. The MAX kW is the maximum 15-minute demand recorded for the given month. The LD FACTOR (load factor) is the ratio of the average and the maximum 15-minute demand for the month. The load factor indicates how the demand curve deviates from the mean, or how flat the demand curve is. A perfectly flat demand curve would give a load factor of 1.0 while a demand curve with peaks that varied significantly from the mean would give a load factor much less than 1 (e.g., 0.5). 
AAFES Meter Discrepancies
After collecting a month's data from the AAFES facilities, USACERL contacted the Energy Office at Fort Hood and the DPW at Fort Campbell to cross check the electrical consumption data being recorded by instrumentation placed at the sites for the study against the data recorded by the installations' metering equipment. It was found that the meter installed at the Fort Hood PX registered approximately one half the kWh amount being recorded by the USACERL-installed data-gathering instrumentation. When this was discovered, a site visit was made to the Fort Hood PX and a clamp-on ammeter and voltmeter were used to verify the accuracy of the measuring equipment. The manufacturer of the installed meter (General Elec~ric [GE]) was contacted and it was learned that the two different CT ratio inputs were causing the meter to give erroneous readings. The Energy Office at Fort Hood was notified of this so that corrective action could be taken. Historical information provided by the Budget Office in the Fort Campbell DPW indicated that the meter at the Fort Campbell PX registered approximately one-third the kWh amount being recorded by the test data-gathering instrumentation. A site visit was also made to Fort Campbell to verify the operation of the installed meter and the recording equipment. A BMI Power Profiler was connected to the main panel of the PX for 1 day. The BMI recorded both accumulated kWh and instantaneous demand. A comparison of the information from the BMI to both the installed meter at the PX and the data-recording equipment confirmed that the installed meter at the PX had been recording only about one-third of the actual kWh consumed. This inaccuracy was reported to the installation DPW.
A second trip to Fort Campbell revealed that the meter wiring diagram located in the mechanical room was inconsistent with a wiring diagram which was taken from a GE catalog. Specifically, the GE wiring diagram showed that the CT inputs on the back of the meter for one of the phases were the connected opposite to that shown in the wiring diagram in the mechanical room. All three CT inputs to the meter were subsequently shorted via a set of shorting switches under a cover on the face of the meter panel. The CT input in question was then opened and the rotating disk on the watthour meter was observed to turn backwards before it came to a halt. This reversed current flow of one of the three phases had been causing the meter to register approximately one-third of the total kWh. The CT inputs on this phase were reversed, and the disk was observed to spin in the correct direction. Subsequent monitoring of this meter indicates that it now functions accurately.
The historical kWh readings for the Fort Campbell Shoppette were consistent with the measurements obtained from the data-gathering instrumentation. Subsequently there was no reason to believe that there were inaccuracies with the data collection at this site.
Demand Profiles
Figures 1to18 plot the 15-minute kW demand data recorded during July and August 1994 in monthly and typical weekly demand profiles. These graphs contain a number of characteristics that imply much useful information. For example, the variation in the electrical usage during the day, week, or weekend can reveal trends attributable to specific equipment, e.g., chillers, refrigeration equipment, pumps, etc. The base load, i.e., the bottom area of the graphs that ranges from zero kW up to a kW value that is constant throughout the entire graph represents electrical loads that run constantly. These constant loads might be chillers that provide a certain level of cooling throughout the night and/or 24 hour-per-day lighting loads. ,nJ \l~1 i· Some of the demand profiles contain missing data. For example, data for Thursday, 7 July is missing in Figures 7 and 13 . (A power outage or other anomaly apparently caused the malfunction, which is represented by a 24-hour gap in the demand curves.) In this and all other related cases, the missing data were estimated from the measured data by averaging the total kWh over the number of days actually recorded to calculate an average daily kWh value. This value was muitiplied by the number of missing days and then added to the recorded total to create an estimated total.
The logger at the Fort Campbell PX also malfunctioned on both 30 and 31 August, resulting in a loss of data for those 2 days. Figure 9 shows the plot for the Fort Campbell PX for August 1994. The last 2 days of the month are truncated from the end of the plot because the loggers at the Fort Campbell Shoppette and the Fort Hood PX were removed during the last week of September resulting in a loss of 4.6 days of data from September for the Fort Campbell Shoppette and 2. 7 days of data from September for the Fort Hood PX. Figures 5 and 17 have been decreased by these respective amounts.
Differences in Billing Practices
The serving electric utility company for a military installation charges the installation a fee for electrical consumption ($/kWh), and a fee for electrical demand ($/kW). The kWh charge is a true energy charge, the energy demand integrated (summed) over a fixed time period. The kW demand charge is a charge imposed on the highest (peak) energy demand during a fixed time interval (usually a 15-minute time interval). It is not uncommon for electric utility companies to use the highest peak demand on an installation as a set point for the rest of the year. For example, if the highest peak demand in the summer for a particular installation was 55 MW, then a clause in the utility contract may enable the electric utility company to base their demand fee on 80 percent of the 55 lVIW, or 44 MW, as the new demand for the next 11 months until this is exceeded or a new peak demand is set. This situation would be referred to as an "80 percent demand ratchet."
As discussed earlier, the DPW at the installation, in turn, bills customers such as AAFES and Family Housing for the amount of energy they use. However, the DPW uses an average k\Vh charge to bill for consumption as opposed to separate kVlh and peak demand charges. The average kWh charge that the DPW uses is higher than the kWh charge the serving electric utility company uses because the installation is charged for both k\Vh usage and kW or kVA demand, along with facility charges, meter charges, and possibly power factor charges. The DPW at the installation generally analyzes these charges and incorporates them into a single kWh charge to be applied to facilities on the installation. This way, the DPW monitors only the kWh that an AAFES or Family Housing facility uses and charges them appropriately. This method of billing negates the requirement for special demand meter instrumentation at each facility to monitor and record the highest peak demand in any 15-minute interval during the month.
The following sections compare the present practice of billing AAFES facilities based on an average kWh charge to a method of billing based on the installation-wide electric utility contract. The electric utility contract incorporates both a kWh charge and a peak demand charge. Fort Hood and Fort Campbell are served by two different utility companies, each with its own electric rate structure. Each installation will be analyzed separately account for these differences.
Demand data was collected for the summer months to determine the peak demand for the year. Since demand data was not available for the entire year, the assumption was made that the load factor (LF) for all three facilities remained constant throughout the 12 months. An average load factor was computed for each site from the load factors obtained in the summer months from the recording instruments. Historical data for kWh consumption was available for the AAFES facilities and was used in the analysis. From the load factor and historical kWh readings for the facilities, the peak kW for the months that were not recorded directly can be determined by the following equation:
Peak kW (monthly) = Ave. kW LF kWh 24 hrs. x No. days/mo. LF
[Eq 1]
Since the meters at both the Fort Hood PX and Fort Campbell PX were wired incorrectly, correction factors were applied to both sets of historical kWh data to estimate the monthly consumptions.
1 Fort Hood PX Billing Comparison
Fort Hood Utility Electric
Rates. The electric utility company serving Fort Hood is Texas Utilities Electric Company, based in Dallas, TX. Electric energy charges are applied in three tiers (Table 4) .
Electric demand charges are $7.63 per kW of billing demand in excess of 10 kW. The billing demand is the highest recorded power during a 15-minute interval, or 80 percent of the 12-month peak, or 50 percent of the contract kW, whichever is higher.
In fact, the contract kW has never been used. Consequently, the demand number used for billing is the higher of the actual monthly peak demand or 80 percent of the 12-month peak. The unit kWh price is calculated from the third tier with the fuel cost rider included. The monthly kWh consumption at the Fort Hood PX is well into the third tier, so the third tier rate can be used exclusively with little error:
$0.0059 + $0.018402 (fuel cost factor) + $0.000091 (cogeneration cost factor) = $0.024393/kWh
The unit price for electric demand is calculated as the sum of the basic demand rate and the additional cost of shifting the electric tariff of 215 kWh from tier 2 into tier 3 for each kW of demand:
[$7.63 (basic) + 215kW x ($0.0320-$0.0059)] = $13.24/peakkW per month
Fort Hood Energy Office Electric Billing Rates. The Energy Office at Fort
Hood charges AAFES facilities a flat rate for kWh consumption. This rate is comprised of a kWh charge of $0.03738, a fuel consumption allowance charge of $0.018402, and a cogeneration charge of $0.000172 for a total rate of $0.055954/k.Wh. Table 5 summarizes the data obtained during the summer months of 1994 and historical kWh usage provided by Fort Hood's Energy Office, using the Energy Office's average energy charge and the kWh and demand charge calculated from Texas Utilities Electric contract with Fort Hood. Note that 80 percent of the peak demand recorded during the summer (0.8 x 660 = 528 kW) was used in the calculations for those months (December 1993 , January 1994 , and March 1994 , in which the calculated peak demand fell below 528 kW (per the TU Electric 80 percent demand ratchet clause). Other charges include a $1500 per delivery point per month, which is a one-time charge per month for the entire installation, and a reactive demand charge for lagging kVAR (basically a charge for poor power factor). Neither of these two charges was included in the analysis of Fort Campbell's AAFES facilities.
Fort Hood PX Billing Comparison Results.
The TVA has a base demand charge of $11.78 per kW of billing demand per month plus an additional $11.78 per kW per month for each kW of the amount by which Fort Campbell's demand exceeds the contract demand. The contract demand for Fort Campbell is currently set to 52,000 kW. Historical data records dated back to August of 1993 show that this contract demand figure has never been met or exceeded.
Demand is determined as follows. The metered demand for any month shall be the highest average during any 30 consecutive minute interval during the month, and such demand shall be used as the billing demand, except that the billing demand for any month shall in no case be less than the sum of: (1) 30 percent of the first 5,000 kW, (2) 40 percent of the next 20,000 kW, (3) 50 percent of the next 25,000 kW, (4) 60 percent of the next 50,000 kW, (5) 70 percent of the next 100,000 kW, (6) 80 percent of the next 150,000 kW, and (7) 85 percent of all kW in excess of 350,000 kW of the higher of the currently effective contract demand and the highest billing demand established during the preceding 12 months.
Since the contract demand is equal to 52,000 kW for Fort Campbell, the ratchet demand is then equal to: Historical data obtained from Fort Campbell dating back to August 1993 indicates that the total demand for the month never decreased below the ratchet demand. In other words, the billing demand for Fort Campbell has been equal to the actual monthly demand since August 1993, and presumably earlier.
Fort Campbell DPW Electric Billing
Rates. The DPW at Fort Campbell charges AAFES facilities a flat rate for kWh consumption equal to $0.0515/kWh. However, starting in April 1994, the rate decreased to $0.0488/k.Wh. This lower rate was used in the analysis for the subsequent months. This study compared the impact on three AAFES facilities (The Fort Hood PX, the Fort Campbell PX, and a Fort Campbell shoppette) of billing electric usage based on actual consumption and demand, as opposed to the standard practice of using an average consumption charge. In all three cases, the use of an average consumption charge gave higher annual totals for electrical usage than the calculated annual totals for billing based on separate consumption and demand charges. Specifically, billing by the present practice (of using an average consumption charge) gave the following higher annual charges: These results indicate that AAFES facilities may benefit from a utility company style of billing, in which users pay based on actual consumption (kWh) and demand (kW).
Fort Campbell PX Billing Comparison Results
There is a caveat to this statement. A change in billing procedures from a charge based on a calculated average consumption charge to one based on actual consumption and demand, would incur additional costs not addressed in this analysis. Such costs would include the purchase, installation, and maintenance of demand metering instrumentation, and expenditures associated with increased personnel time for meter reading, billing preparation, etc., for each AAFES facility.
This analysis is based on many assumptions. Since the demand profiles for much of the year were unknown, the monthly demand for unrecorded months were estimated from an average load factor and historical kWh readings. Historical kWh readings from both the Fort Hood PX and the Fort Campbell PX were in turn estimated from actual readings that were skewed by factors of approximately 1.8 and 3.0, respectively, because of wiring problems at the installations' meters. However, since the assumptions were based on historical data and trends, and supplemented by practical engineering judgement, it is concluded that the results of this analysis are still credible and relate the correct trend of the data.
